The use of a craniotomy for in vivo experiments provides an opportunity to investigate the dynamics of diverse cellular processes in the mammalian brain in adulthood and during development. Although most in vivo approaches use a craniotomy to study brain regions located on the dorsal side, brainstem regions such as the pons, located on the ventral side remain relatively understudied. The main goal of this protocol is to facilitate access to ventral brainstem structures so that they can be studied in vivo using electrophysiological and imaging methods. This approach allows study of structural changes in long-range axons, patterns of electrical activity in single and ensembles of cells, and changes in blood brain barrier permeability in neonate animals. Although this protocol has been used mostly to study the auditory brainstem in neonate rats, it can easily be adapted for studies in other rodent species such as neonate mice, adult rodents and other brainstem regions.
Introduction
The use of a craniotomy in combination with fluorescence imaging and electrophysiology techniques allows monitoring blood flow, blood brain barrier permeability and measuring the activity of neurons and glial cells in live animals [1] [2] [3] . Several laboratories have used this approach to provide insight into brain physiology in healthy and disease conditions, but gaps remain in our understanding of how these processes arise during development. Furthermore, most studies have focused on brain regions that are readily accessible from the dorsal surface of the skull, such that ventral brainstem structures with diverse physiological roles have been studied mostly using ex vivo approaches.
The main goal of this protocol is to provide a method for opening a craniotomy on the ventral skull of rodents. This approach was adapted from classic studies performed in larger mammals such as dogs and cats for sensory neurophysiology recordings of the auditory brainstem [4] [5] [6] [7] . In this protocol however, there is the novel challenge of performing the procedure in neonate animals. Using vasculature landmarks, this adapted protocol has been used previously to study the auditory brainstem of neonate rats, adult mice and other brainstem regions like the inferior olive [8] [9] [10] [11] (Figure 1) .
A main advantage of a ventral craniotomy over existing methods to study ventral brainstem nuclei is that it provides direct access to the structures of interest in living animals. For example, the auditory cells of the superior olivary complex are localized a few tens of micrometers from the brain surface, which is important for targeted placement of probes and for using two-photon imaging approaches in which imaging depth can be limited to 0.5 mm by light tissue scattering and absorption. A ventral craniotomy also provides a preparation with relatively intact neural connections, which are disrupted in acute and organotypic slice preparations 12 . In contrast to other protocols for in vivo neurophysiology experiments 13 , a ventral approach can be combined with multi-electrode recording and imaging methods that provide information about cellular ensembles (Figures 6 and 7) . Lastly, in combination with this protocol a fluorescently labeled solute can be injected in the vasculature to measure changes in blood brain barrier permeability to the solute (Figure 8 ).
Protocol
The following protocol follows the animal care guidelines established by the Institutional Animal Care and Use Committee (IACUC) at The City College of New York.
Representative Results

Electroporation of neural tracers
The medial nucleus of the trapezoid body (MNTB) is a group of cells in the superior olivary complex that has been studied previously using this protocol. For example, patch clamp pipettes can be used to electroporate neural tracers ( Figure 6 ) 9 . When pipettes are placed near the midline as shown in Figure 6a , the result is that decussating afferent axons are labeled. A two-photon microscope equipped with a high numerical aperture water immersion objective can be used to image the fibers reaching the MNTB, including very fine collateral branches (arrows in Figure  6b ). Neural tracers can also be delivered to the MNTB directly, as shown in Figure 6c . The result is labeling of MNTB cells and afferent axons, as can be appreciated by imaging with a lower numerical aperture water immersion objective (Figure 6d) . The main advantage of using the lower magnification objective is that a wider field of view can be examined, and although this results in a decrease in spatial resolution due to the lower objective numerical aperture, individual MNTB cells can be discerned well (arrows in Figure 6d ). The average duration of these experiments for ages P1-P5 is 3.1 ± 1.4 hr (n = 22 pups).
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Electrophysiology recordings
Spontaneous burst firing is a form of developmental electrical activity observed in single MNTB cells before the onset of hearing 11, 13 . Using this surgical protocol it is also possible to target multielectrode arrays (polytrodes) to the MNTB (Figure 7a-b) . The result is a recording of spontaneous activity in an ensemble of MNTB cells. Figure 7e shows a representative polytrode recording from a P6 rat. In this experiment, the polytrode was coated with the lipophylic dye DiI using a thin paintbrush (see step 4.1). After performing the recording the brain was processed for histological analysis and the location of the DiI-labeled polytrode track was used to confirm proper targeting to the MNTB (Figure 7d) . The average duration of experiments for ages P1-P6 is 2.0 ± 0.7 hr (n = 33 pups).
Measuring microvessel permeability
This protocol can also be used to perform two-photon imaging experiments of vascular permeability. A fluorescent solute (TRITC-dextran, MW 155 kD, Stokes radius ~8.5 nm) was dissolved in 1% BSA Ringer solution and injected into the cerebral circulation via a canula inserted in the carotid artery 14 . Unlike tail vein injections, this procedure bypasses the heart and introduces the fluorescent solute directly into the brain microcirculation. Figure 8a illustrates the quality of labeling of blood vasculature that results from using this procedure. After continuous perfusion of labeled solutes into the blood stream it is possible to obtain a time-lapse sequence of a region of interest, as shown in Figure 8b . The total fluorescence intensity in the region of interest was measured offline and a mathematical model used to determine the blood brain barrier permeability to fluorescently labeled solutes (Figure 8c ) 15 . The average duration of experiments for ages P9-P10 is 2.3 ± 0.8 hr (n = 3 pups). Ventilation settings are chosen according to the age of the animal. Most commercial suppliers provide useful information about such settings. Experiments in rats older than P15 will require use of a large animal ventilator. Adult animals may not need ventilation if anesthetized with ketamine/xylazine, but intubation is recommended to avoid fluid entering the trachea.
One main limitation of this protocol is that experiments can only be performed acutely. In our laboratory we have performed experiments lasting between two and up to ten hours. A second limitation is that experiments have to be performed under anesthesia. Therefore, the choice of anesthetic is an important variable to consider in the planning and design of experiments. A related issue is that neonate animals can be particularly sensitive to overdosing. For example, if choosing ketamine/xylazine mix, calculate the dose based on pup's weight and administer drugs at ⅓ of the maximum volume. Check the state of the animal every 5-10 minutes by toe pinch response. If using isoflurane, precautions are also needed to maintain a safe environment for the investigator (proper ventilation, and a properly calibrated vaporizer).
The stereomicroscope can be mounted on a flexible holder to adjust viewing angle and facilitate space clearance to place electrodes and relocation of the animal to the two-photon microscope. Use of a battery to power the ventilator can facilitate moving the animal and reduce electrical artifacts during electrophysiology experiments. To this end, a small breadboard (7.5 x 12 inches) can be used to assemble together the ventilator, heating pad and the anesthetized animal (Figure 2a) . A useful and important modification to this setup is the addition of a device for monitoring vital signs during surgery. An oxymeter or other analog devices can be used depending on the laboratory budget.
This protocol has been used with electrophysiology and imaging methods, including patch clamp recordings 8, 10, 11 , polytrode recordings ( Figure  7) , and two-photon imaging 9 (Figures 6 and 8) . One possible future application would be to combine these methods for targeting fluorescently labeled cells for electrophysiological recording 16 .
New imaging applications also may include 2-D or 3-D time series using two-photon microscopy. For example, using bolus loading of calcium indicators to study the activity of brainstem neuronal and glial cell populations. As shown in Figure 8 , a dye solution injected into the blood circulation through the carotid artery can be used to generate high contrast images of the brain vasculature. As the fluorescence dye fills the microvessel lumen and spreads into the surrounding tissue, it can be used not only for calculating the apparent solute permeability of the blood brain barrier but also the solute diffusion coefficient in the brain tissue 3 . One main reason for injecting the fluorescently labeled solutes via the carotid artery is that the dye solution can directly go to the microvessels in the brain without going to the heart first as in a tail vein injection. This brings at least two advantages. One is that the fluorescence dye concentration in the microvessel lumen can be practically constant if the perfusion rate is fixed at the cannulation site. This ensures accurate determination of the blood-brain barrier permeability. Another is that if a test agent is included in the perfusate, it will directly go to the blood-brain barrier without being diluted or combined with other factors from the body circulation.
New experiments also may take advantage of transgenic animals with genetically encoded fluorescent reporters. This would provide the advantage that fluorescent probes would not need to be loaded in situ (unless the design of the experiment states otherwise), saving time and possibly allowing for more intact preparations (e.g. cranial window 17 ).
Lastly, experiments can be done in other brainstem regions such as the inferior olive or the facial motor nucleus. Knowledge about neuroanatomy and development of specific cellular populations in a given species will be important towards this end, particularly as anatomical landmarks may change as animals grow (Figure 1) . We hope this protocol encourages others to study ventral brainstem structures using in vivo electrophysiological and imaging methods.
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